Abstract
Background -Solitary lung nodules in humans caused by the dog parasite Dirofilaria immitis are steadily increasing in number. The organisms can be easily missed in haematoxylin and eosin stained tissue when they are degenerated and pale staining. Methods -The value of Tinopal CBS-X (TCBS-X) and Calcofluor white (CFW), two rapid, inexpensive, simple nonspecific fluorescent whitening stains, were assessed in the identification of these worms. Deparaffinised rehydrated tissue slides prepared from the pulmonary nodules were stained for one minute in 1% w/v aqueous solutions of TCBS-X or CFW, counterstained, coverslipped, and viewed with a fluorescent micro- There is a need for a rapid and reliable method of identifying this parasite on frozen section, fine needle aspiration, and permanent formalin fixed, paraffin embedded tissue. Nonspecific fluorescent whitener stains such as Tinopal CBS-X (TCBS-X) and Calcofluor white (CFW) have been shown to stain nematodes and other parasites by binding to their external chitin walls. 8 We found that TCBS-X and CFW stained the intact organism and parasitic fragments intensely, allowing rapid identification. The staining was also useful in accentuating the internal structure of the filaria, thus aiding classification. This study presents the clinical, radiological, and pathological findings of 20 patients with pulmonary dirofilariasis and illustrates the usefulness of non-specific whitener stains (TCBS-X and CFW) for identifying the organism.
Methods
Twenty cases of pulmonary dirofilariasis were identified from a retrospective and prospective review of the surgical files at the Baylor College of Medicine Affiliated Hospitals (Veterans Affairs Medical Center, Methodist Hospital, and Ben Taub Hospital) (16 cases) and the UTMD Anderson Cancer Center (four cases) in Houston, Texas from 1965 to 1993. Three of the four cases from M D Anderson were previously reported in 1989. All cases were pulmonary wedge resections of lung nodules. In each case 1-10 tissue sections (average three) with 1-3 step sections from each block were stained with haematoxylin and eosin. Selected tissue sections were stained with the Gomori methenamine silver (GMS) method, the Periodic acid-Schiff(PAS) reaction with or without previous diatase digestion, and the Ziehl-Neelson method. The clinical records, radiological, and histological findings of the patients were reviewed.
Staining with non-specific fluorescent whiteners was performed on formalin fixed, paraffin embedded tissue in all cases. Fresh tissue from six cases was frozen in optimal cutting temperature embedding medium, sectioned, and fixed in ethanol. One step section was cut from each block containing the lesion. Deparaffinised unstained tissue slide sections were rehydrated and stained with stock solutions (0-1% w/v) of TCBS-X (Ciba-Geigy, Greensboro, North Carolina, USA) or CFW (Fungi-Fluor, Polyscience, Warrington, Pennsylvania, USA), both derivatives of diaminostilbene disulphonic acid.8 The rehydrated slides were stained for two minutes in the TCBS-X or CFW solutions, rinsed with tap water, counterstained with Evan's blue, and examined with a fluorescent microscope using a Nikon B-1E exciter filter.
Results

CLINICAL FINDINGS
There were 20 patients (six women) of mean age 58 (range 35-77) years. Eleven cases presented with subpleural nodules and nine had round lesions or nodules within the parenchyma. All lived in the south-western United States, mostly in Texas. The pulmonary nodules were asymptomatic in 17 patients, one had localised retrosternal chest pain, and none had peripheral eosinophilia. In the asymptomatic patients the lesions were found on routine chest radiographs. Eleven patients were smokers and one had an asbestos exposure.
Chest radiography or computed tomographic scans revealed the nodule to be single in 18 cases, ranging in size from 0-8 to 4-5 cm in diameter. In one case there were two nodules, each measuring 0-5 cm in diameter. Radiographically none of the nodules were calcified and all were peripheral in location; 10 were subpleural. The lesions occurred in all lobes except for the right middle lobe. In all of the patients the radiological and clinical findings were indistinguishable from a malignant lesion. Figure I A Green, Ansari, Schwartz, Ro, Alpert FINDINGS AT FLUORESCENT MICROSCOPY Several sections from each of the 20 cases stained with TCBS-X and CFW contained bright "apple green" staining structures when viewed on low power (40 x ). The structures were seen shining brightly amid a background of red staining necrotic and viable tissue when viewed by fluorescent microscopy. On higher power these were identifiable as portions of either well preserved (fig 2) or necrotic or calcified worms. The cuticle had three distinct layers with crested thickenings at the lateral cord positions, and the somatic muscle bands stained brightly. Centrally, the general cavity or pseudocele contained well delineated tubular structures identifiable as the intestine and sex organs. Cross sections of worms were clearly evident and the stains highlighted fragments of worms not identifiable on routine stains.
Discussion
Pulmonary dirofilariasis has been sporadically reported in over 100 patients in the United States and it is increasing in incidence.' 2-5 9-30 It is clinically important because of its radiological resemblance to a primary bronchogenic carcinoma.7 Diagnosis is usually made at excision, though it has been diagnosed by fine needle aspiration cytology. 10 16 1931 In dogs D immitis causes morbidity and mortality and is an increasing problem. 41 Non-specific fluorescent whitening stains aid in distinguishing the organism or its fragments from granulomas, especially in older lesions when organisation of the lesion occurs. The diagnosis relies entirely on identifying the parasite within vascular lumens. In six of our cases the worm would have been disregarded as only debris if the non-specific fluorescent whitening stains had not been used. TCBS-X and CFW make the identification of the worm simple. Non-specific fluorescent whitening stains are rapid, inexpensive and easy to use on granuloma-like pulmonary nodules. They can be easier to obtain than conventional stains (PAS, Trichrome), especially at the time of frozen section, and are easier to interpret. They may also demonstrate bacteria or fungi and are thus multipurpose stains. They do not produce non-specific staining of normal structures when the correct counterstain (Evan's blue) is used. This decreases the problem often encountered in the GMS and PAS stained sections in which collagen and elastin must be distinguished from fragments of the parasite.
